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We, National Distillers and Chemical 
Corporation, a Corporation organised and 
existing under the laws of the State of 
Virginia, United States of America, of 99 
Park Avenue, New York 16, State of New 
York, United States of America, do hereby 
declare the invention, for which we pray 
that a patent may be granted to us, and 
the method by which it is to be performed, 
to be particularly described in and by the 
following statement: — 

This invention relates to a method for 
rendering a substrate adherent to a poly- 
olefin coating applied thereto or thereon by 
extrusion. 

The application of polyethylene to sub- 
strates by the extrusion coating technique 
has resulted in a wide range of new packag- 
ing materials. The main purpose of coating 
a substrate with a polyolefin is to com- 
bine the properties of the two materials. 
Contributions of the polyolefin coating in- 
clude a heat-sealable surface, increased tear 
and crease resistance, and a barrier against 
grease, oil, and moisture. For example, some 
of the applications in which polyethylene- 
coated substrates are being used are bags 
and cartons for packaging foods, chemicals, 
fertilizers, and resins, vacuum-forming 
materials for packaging, construction 
materials, military packaging, and decorative 
finishes. 

Polyethylene is coated to the substrate by 
extruding a thin curtain of molten resin onto 
the surface of the substrate and thereafter 
pressing it against or into the substrate, or 
both, with or without the use of chemical 
primer on the substrate. The effectiveness 
of the coating is largely dependant upon the 
adhesive bond established between the poly- 
ethylene coating and the substrate. Poly- 
ethylene coatings exhibit some degree of 
[Pr^—— 



natural adhesion to some substrates, e.g., 
most paper and paper board, because both 
chemical and mechanical forces contribute to 45 
the bond strength. On the other hand, poly- 
ethylene coatings exhibit substantially no 
natural adhesion to crystalline polypropylene 
and polystyrene substrates. In turn, the 
strength of this bond is affected by the rate 50 
at which the coating is applied, increasing 
coating speeds leading to decreasing adher- 
ence of the coating. For example, in spite 
of the fact that chemical and mechanical 
forces are favorable to the formation of a 55 
bond of polyethylene to porous substrates 
such as paper and paper board, the strength 
of such a bond is still so weak that it 
severely limits the speed at which the poly- 
ethylene coating can be applied. 60 

Several methods have been proposed for 
rendering the surfaces of polyethylene sub- 
strates more receptive to coatings of laminat- 
ing adhesives. For example, G. W, Traver, 
in a patent filed prior to the discovery of 65 
crystalline polypropylene (U.S. Patent 
Specification No. 3,018,189) broadly dis- 
closed an electronic treatment to render the 
surface of polyethylene films more receptive 
to adhesives applied to bond such films in 70 
a sandwich or laminate structure. In a patent 
filed subsequent to the discovery of crystal- 
line polypropylene, Hirt (U.S. Patent Speci- 
fication No. 2,998,324) points out that treat- 
ments adequate to render the surface of 75 
polyethylene adherent to "lacquers, enamels, 
and similar coating compositions", eg., heat 
and flame treatment, chemical treatment, or 
electronic treatment, are not effective by 
themselves in rendering the surface of crystal- 80 
line polypropylene adherent to such coat- 
ings. In stead , Hirt indicates that the coat- 
ing of crystalline polypropylene requires a 
multistep procedure that includes the appli- 
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cation of specific combinations of compatible 
primers and top coats. Accordingly, Travels 
process cannot be extrapolated to polyolefin 
substrates other than polyethylene. Further, 

5 neither Traver nor Hirt teaches the applica- 
tion of a polyolefin coating to a polyolefin 
substrate, eg., polypropylene or polystyrene, 
or to non-plastic substrates, eg., paper and 
paper board. 

10 In accordance with the present invention 
there is provided a method of treating the 
surface of a substrate to improve the adher- 
ence of the surface to a subsequently applied 
extrusion coating of a polyolefin plastics 

15 material, the method comprising subjecting 
the surf ace to the action of a corona dis- 
charge at a voltage of 10,000 to 25,000 volts 
from an electrode spaced from .025 to .25 
inch away from the surface, the substrate 

20 being advanced past the electrode at a speed 
of 200 to 600 feet per minute. 

The term "polyolefin" employed herein 
refers to any polymerised olefinicaUy un- 
saturated hydrocarbon, and in particular in- 

25 eludes polystyrene. 

Corona discharge treatment of materials 
of the character with which the present in- 
vention is concerned requires the production 
of a controllable corona discharge at the sur- 

30 face of the substrate being treated. 

In general, a suitable device or apparatus 
includes an alternating electrical current 
source to provide a high voltage and high 
frequency current to an electrode upon which 

35 the corona discharge is generated, a grounded 
back-up member which, conveniently, is a 
roller and serves to complete the electrical 
circuit, and a dielectric member which is 
interposed between the electrode and the 

40 back-up member and which functions to 
spread the corona discharge along the length 
of the electrode. 

The substrate being treated is advanced 
longitudinally beneath the electrode (or elec- 

45 trodes) while corona is being discharged there- 
from. Further, a buffer dielectric member 
is normally present to prevent concentration 
of corona discharge at a pinhole or other 
defect in the substrate to obviate burning or 

50 otherwise damaging of the substrate at the 
area of such defect. This buffer dielectric 
layer may be positioned adjacent to the 
electrode or back-up member, as desired. 
Any suitable electrode means for provid- 

55 ing tiie electrostatic accumulation and dis- 
charge of electrons may be used. Examples 
are the helical knife edge type or the tubular 
gaseous conduction lamps, as well as others 
such as tubes, rods, screens, plates, or others. 

60 For purposes of illustration, embodiments 
of the invention will now be described with 
reference to the accompanying drawing 
wherein: 

Fig. 1 is a side view in elevation of 
65 apparatus for treating substrates in accord- 



ance with the present invention; 

Fig. 2 is a perspective plan view of 
apparatus for carrying out the invention on 
a flexible sheet of substrate. 

In the illustration given in Figs. 1 and 2, 70 
the substrate to be treated is in the form 
of a flexible web such as kraft paper, poly- 
propylene film or sheet. The web 2 is drawn 
from a supply roll 1 around a guide roll 

4 under a tension adjusted by die pressure 75 
of the pressure roll 3 against the guide roll 

4. The web is then led around idler rolls 

5 and 6 over a path 7 and 8 to the treater 
roll 9. Where heating of the substrate is de- 
sired prior to the coating thereof, for ex- 80 
ample for the purpose of removing undesir- 
able moisture from the substrate, suitable 
heating means, such as heated rolls (not 
shown), may be interposed between roll 5 
and the treater roll 9. Substrate tempera- 85 
ture, as long as it does not affect the physical 
properties of the substrate web, does not 
interfere with the electronic treatment of 
this invention. 

The treater roll 9 is an insulated, grounded, 90 
metal roll. It serves to complete the elec- 
trical circuit emanating from the electrode 10 
to which a high voltage and high frequency 
electric current is supplied from an alternat- 
ing current source 10a and upon which elec- 95 
trode 10 the corona discharge is produced. 

One suitable means for supplying a high 
voltage, high frequency current to the elec- 
trode is a spark-gap excited high frequency 
oscillator, such as is exemplified by a Lepel 100 
treater, Model HFSG— 2, supplied by Lepel 
High Frequency Laboratories, Inc. In using 
such a unit, the current frequency is con- 
trolled by adjusting the inductance of a 
primary oscillating circuit to tune it with 105 
an output circuit wherein are contained the 
treater electrode and the treater roll. A 
frequency within a narrow range centering 
around 450 Kc. is obtainable. Intensity of 
treatment is controlled through regulation of no 
the capacitance of the primary circuit whereby 
the current is varied. The primary current 
can range up to 1.5 amperes to give a treat- 
ment voltage ranging from 10,000 to 25,000 
volts. Another suitable means for imparting 115 
a high voltage, high frequency current to 
the treater electrode is provided by a Mancib- 
type treater which comprises a circuit com- 
bination herein a generator is the power 
source, delivering a high frequency alternat- 120 
ing current to a primary circuit, which 
current is stepped up to high voltage by a 
transformer linking the primary circuit to 
a secondary circuit containing the treater 
electrode. Current frequency generated 125 
ranges from about 500 to 17,500 cycles per 
second. Primary current and voltage are ad- 
justable to give a secondary voltage at the 
gap between the treater electrode and the 
treater roll of from 10,000 to 25,000 volts 130 
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so that a corona discharge occurs. opposite the treater roll surface is rendered 

fai 5 Z 3 ^^? 6 S C0TCr ^ sur " hi & 1 * ^ Cerent a ™ S 

5 ■ L&J reater Wld i "J^PP^ 10c truded layer of a polyethylene. 

5 !L nf^-hf^ 0 "TS t0 fa , dlitate * BMd - ^ ^d " may, if desired 

1 ,f^5 a dlS ? ar ! e ^ * e lea ^ ** Ied directly from the treatment to 70 

deleterious effects from an excessive, con- wound and stored for coatine in a separate 

SK!"** ft wr ? na discharge at a pin- operation at a late? STWSbifiHE 

10 5£ h- ? the ^ defect m substrate. A suit- treated substrate 11 is led direct* tLuab 

f orcirf^ COTCnng , ro11 a *« distance to the rip faSj fc! ^ 75 

w provided for example, by three wraps of pressure roll 12 and a chffl S 17 The 

Mark > ^ Pressure roll 12 tea tawS? idfcr rail 

Akhough a variety of suitable means exist with a covering of neopreS! oSn? £b£? 

15 2* V*"* a " corona discharge The chill roll is usually a driven, chroS 

£Lw 8 ? 1Cn,l ft. ^ J"? 08 i 110 * 11 m ^ P lated ««1 drum c^ed f or c SuS 

J ^'f 1 .^ ^ dreaded water throughout to provide tempSS 

T It k fr d ?* K em 5 g •Pffctfy t0 Kg- control and heat transfer* forlbe rSnTwcb 

£jS ^ 031 ^' fe dectrode 10 durin 8 its from melt to soSd aj? 

tends transversely across the width of the ChiU roll temperature is unafe heMrS 
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20 ™r^- ; £ 3 cross the width of the ChiU roll temperature is usually held b£ 
3£ ^ m * d0Se paKdleI re,ation - ^ about 70° and lOOORm pofr- » 

i^-SJ 1 ? S, ^ aCe rf tt F« er 9 - Such ethylene resin is fed into a tapper 13 Jffi 

106 which repetitively presents a portion the extruder barrel 14, and forced hv «n 

25 231 ?T" ^ 6X101,161 «*" through ffiSS sift " 

tionship to the treater roll, the knife edge the extrusion die 15 The extruded mSt % Qfl 

£L g K Uy K ParaUding ^.direction If polyethylene 16 oi^teSSd *urfa2 90 

3Tdfrl& 'H^ U \ OI TCb ^ treate * of ^ at a Po»t imrnSly prior 

£? S^T f ^j. 01 movement coincid- to the nip formed by pressure rol 112 ™d 

Eg with the longitudinal axis of the web. chill roll 17 and thence is drawn down fan 

30 The space at its closest between the knife the nip between the two rofls mST^m OS 

edge 10* and the surface of the treater roll ing into contact with the fKt nTvfar S 

ii . from 25 to 250 mils, although gener- strate, the coating melt 16 iTd53out m 

?*? wi^T* t0 ^ 8 ^ of 30 desired tWctaess and forS™ to tte 

to 80 mds. A conventional dielectric layer substrate 11 when both byerTare £e£d 

rw, ^ !!! j ; . generally between about 50 and 100 pounds 

^ example a serrated per linear inch. The combination of ™b- 

teShSSf 1 "* ? ^ °r r ^ may 3180 strate "d Polyethylene 18 bto mi3£ 

be satisfactorily employed. It is also possible cooled by the chill roil 17. The cooled 

LTi y >, SeVeral .electrode members and substrate 19 is then puUed lm T 5SS 105 

tr. ^ilT T 3 " 0 "? lcngths as ^P 111 ^- 1011 20 where * h trimmed by fS 

Where multiple electrodes are employed, they of slitters 21 and thence led around id W 

are preferably arranged in parallel con- rolls 22 and 23 and^hSroTmaiS 

centnc relationship to each other and the upon windup roll 24 ^ 
45 surface of the treater roll, and are spaced The coated substrate so obtained «chiMt« lift 

ffhlV 4 ^^^™^- 8 surface, hS ^ S 

ab ^ ^at build-up at the surface of the crease resistance, and increated resi.^^ 

sub^rate from multiple corona discharges, the passage ofgW, oTSdmo™ m 
,, ? PlL 016 ^ 26 ? with a high voltage and The polyolefin substrates wMchmav he m 

50 ^^ u «cy alternating current, the dec- treated according to Xs mv«£n kdud! 115 fn 

S^ J^nlT^ a00n ^ ^ "*« of P^*fins which exhibit vu^X r?o rSS 2 

the grounded treater roU 9 serves to estab- adhesion to extruded polyethylene ciS« H 

hsh an electrostatic field of alternating particularly polystySe P and I ^SmTS^ > 

« ettS TlTfi^ 6 ^ r °" ^ * 6 P1 ? pylene - Ako^ble arf'otS 6 fit S 

55 electrode. This field produces a pulsating polymers and copolymers for > 

electrical discharge between the electrode and ethylene-propylen^ ? P SSL a V' 120 F 

^S^ r °" SUrfaCe ^ fra ' uaic y of butenec^ol^andotK^ ^ ^ 
^/^Ti ei l er gy supplied to the dec- The paper substrates which may be treated S 

trode, and the electrons thus discharged will according to this invention include nSS f= 

60 be applied contmuously to the web of sub- derived ftom unreger^nT?euS and S ,« m 

Hfrnf h " r 568 ^tudinally along path pulps as unble^eT^SdS ^Sed 125 ~ 
Sl^ ^m* 6 ^ 11116 ^ 20116 formed °y bleached sulS SeS? Q 

electrode 10 and the surface of treater roH phate, e.g„ kraft, bl^cSd^ulXtf e^" Q 

65 Llf L?uT enCe ' tfa L SU ? aceofthesub - ^ed kraft; neutral ^dphif ? Sd ^ 15 

65 strate which faces toward the dectrode and kraft Further defined by gSl ^ 130 < 
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suitable for use in this invention includes 
wrapping papers, e.g. 5 butcher's, bag, book 
papers, e.g^ converting, lithograph, offset and 
text, and printing and specialty papers, eg., 
$ bagging, catalogue, news tablet and poster. 
Bleached and unbleached kraft paper and 
paper board are particularly suitable for the 
practice of this invention. 

It is to be understood that the term "sub- 
ID strate" as used herein refers in a broad sense 
to the foundation upon which the polyolefin 
coating is to be applied, whether such 
foundation consists wholly of a self-support- 
ing web or whether it consists of a layer 
15 or coating upon another material. 

The voltage applied to the electrode of 
the electronic treater should be sufficiently 
high relative to the dielectric value of the 
substrate and the air gap to bring about 
20 effective electronic bombardment and modi- 
fication of the substrate surface. For the 
substrates included in the present invention, 
particularly effective treatment is obtained at 
voltages in the range of 10,000 to 14,000 
25 volts. 

Although polyethylene, and particularly 
coating grades of polyethylene ranging in 
density from 0.91 to 0.96 and in melt index 
from 1 to 12, is especially preferred as the 

30 coating for this process, it is also possible 
to employ other polyolefins, especially poly- 
propylene and copolymers of ethylene or 
propylene with olefins, such as butene, pen- 
tene and bexene, as well as specially treated 

35 polyolefins such as chlorinated polyethylene. 
For selected members of the afore- 
described coating grades of polyethylene and 
at pressures of about 50 to 100 pounds per 
linear inch, in-line treatment and coating 

40 speeds ranging from 50 to 1000 feet per 
minute or higher are possible. Coating thick- 
nesses within the above noted ranges may 



vary from as low as 0.2 mil or less up to 
as high as 10 to 15 mils. Generally, how- 
ever, speeds of 100 to 600 feet per minute 45 
are employed in conjunction with coating 
thickness ranging from 0.5 to 2.5 mils. 

The melt or bonding temperature depends 
on the characteristics of tie resin used and 
also on the physical properties of the sub- 50 
strate. In general, the bonding temperature 
used to produce tightly adhering coatings 
should be the highest that is practicable, but 
it is limited to that at which degradation 
of the resin, e.g., oxidation, odour develop- 55 
ment, heat sealability, etc, occurs or be- 
comes significant and/or at which the sub- 
strate material begins to suffer harmful 
effects. In the case of thermoplastic sub- 
strates, the bonding temperature must not 60 
exceed die temperature at which the sub- 
strate begins to soften. For the coating grades 
of polyethylene preferred by this invention, 
suitable bonding temperatures are achieved 
by extruding the polyethylene at melt tern- 65 
peratures ranging from 570° to 640°F^ 
and preferably from 590° to 620°F. 

It has further been found that adherence 
of the polyolefin coating to the substrate may 
improve to varying degrees during subsequent 70 
storage or aging of the coated substrate at 
room temperature. For example, such im- 
provement is noticeable with kraft paper 
coated with polyethylene. 

The following examples are presented to 75 
further illustrate, without limitation, various 
embodiments of this invention. 

Example I 
Three polypropylenes were treated with 
corona discharge by a Mancib-type treater 80 
on both sides and then extrusion-coated in- 
line on both sides with various coating grades 
of polyethylene. Conditions were as follows: 
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5 





Run A 


Run B 


Run C 


Polypropylene 








Thickness, mils 


6 


6 


6 


line speed, ft/min. 


200 


200 


200 


Electrode voltage, volts 


1 0 AAA 

12,000 


12,000 


12,000 


Dielectric (Mvlar) thickness mik 


0 


6 


6 


Distance Of dertm/lf* "firim cnVtcfMta 

&/mwuwv iu wtLuuuc irom suusrrate* 
mils 


35 


47 


40 


Distance of electrode from coating 
flip, inches 


32 


30 


33 


Coating thickness (both sides), mils 


1.0 


1.0 


1.0 


Polyethylene 








Density, g./cc. 


0.924 


0.915 


0.915 


Melt index, g./10 mm 


3.0 


12 


8 


Extrusion temperature, C F. 


600 


600 


600 
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15 



20 



The polyethylene coatings in each instance 
adhered so firmly to the polypropylene sub- 
strate that they could not be removed with- 
out rupture, this in spite of the fact that 
the polyethylene of Run C contained a slip 
addmve. Control runs with untreated poly- 
propylene produced coatings which exhibited 
no measurable adherence to the substrate. 

Example II 
A web of 40-pound wet strength kraft 
paper, 15 inches wide, was transported at 
a rate of 200 feet per minute through the 
apparatus shown and therein electronically 
treated with a corona discharge and extrusion 
coated with a 1.0 mil layer of polyethylene. 
Electronic treatment was effected by means 
of a commercial treater (Model HFSG— 2, 
Lepel High Frequency Laboratories, Inc.) 
by which a helically threaded knife edge 
electrode was positioned at a distance of 
60 mils from the paper web and charged 
with a voltage of about 12,000 volts. The 



treater roll surface was covered with three 
wraps of two-mil Mylar film. Treatment 
took place at a distance of 28 inches in 
front of the nip between tie pressure roll 
and the chill roll. The polyethylene resin 
was a coating grade with a density of 0.924 
g./cc. and a melt index of 3 g./lO min. It 
was extruded onto the paper at an extrusion 
temperature of 600°F. 

Adhesion values of the coating were deter- 
mined on the electronically treated material 
and, for comparative purposes, on a portion 
of coated substrate prepared in the same 
run but without electronic treatment, both 
"off machine" (immediate) and after an 
aging period of two weeks at ambient tern- 
perature. These adhesion values, listed below, 
were determined by means of a Perkins- 
Southwick Bond tester (see Guillotte and 
MacDermot, Modern Packaging 30, No. 4, 
157 (1956) and calculated in terms of per 
cent adhesion. 
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Table II 





Perkins-Soiithwi 


ck Adhesion^ % 


Off Machine 


Aged 2 weeks 


Treated 
Untreated 


67 
31 


70 
52 



WHAT WE CLAIM IS:— 

1. A method of treating the surface of 
a substrate to improve the adherence of the 

5 surface to a subsequently applied extrusion 
coating of a polyolefin plastics material, the 
method comprising subjecting the surface to 
the action of a corona discharge at a volt- 
age of 10,000 to 25,000 volts from an dec- 

10 trode spaced from .025 to 25 inch away 
from the surface, the substrate being ad- 
vanced past the electrode at a speed of 200 
to 600 feet per minute. 

2. A method according to claim 1 wherein 
15 the substrate is treated with a corona dis^ 

charge of 10,000 to 14,000 volts. 

3. A method according to claim 1 or 2 
whereby the substrate is a polyolefin. 

4. A method according to claim 3 whereby 
20 the substrate is polypropylene or polystyrene. 

5. A method according to claim 1 or 2 
whereby the substrate is paper or kraft paper. 

6. A method according to any of claims 
1 to 3 wherein the substrate in the form of 

25 a web is passed onto a support formed of 
electrically conductive material with one sur- 
face of the web facing the support and the 
surface to be treated facing outwardly to- 
wards the electrode, corona discharge being 



applied from the electrode upon the out- SO 
wardly facing surface of the web and an 
extruded coating of a polyolefin thereafter 
being applied onto the treated surface of 
the web. 

7. A method according to any of claims 35 
1 to 6 wherein the electrode is spaced 0.03 

to 0.08 inch from the surface of the sub- 
strate. 

8. A method of treating the surface of a 
substrate to improve the adherence of the 40 
surface to a subsequently applied extrusion 
coating of a polyolefin plastic substantially 

as hereinbefore described with reference to 
the Examples. 

9. A substrate treated by a method 45 
according to any of claims 1 to 8. 

10. A method according to claim 6, for 
preparing a polyolefin substrate, substantially 
as hereinbefore described with reference to 

the Examples. 50 

11. A polyolefin-coated substrate pre- 
pared by a method according to claim 6 
or 10. 

REDDIE & GROSE, 
Agents for the Applicants, 
6 Bream's Buildings, 
London, E.C.4. 
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